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Abstract 

In de Sitter (dS) gravity, where gravity is a gauge field introduced to realize the 
local dS invariance of the matter field, two kinds of conservation laws are derived. 
The first kind is a differential equation for a dS-covariant current, which unites 
the canonical energy-momentum (EM) and angular momentum (AM) tensors. The 
second kind presents a dS-invariant current which is conserved in the sense that its 
torsion-free divergence vanishes. The dS-invariant current unites the total (matter 
plus gravity) EM and AM currents. It is well known that the AM current contains 
an inherent part, called the spin current. Here it is shown that the EM tensor 
also contains an inherent part, which might be observed by its contribution to 
the deviation of the dust particle’s world line from a geodesic. All the results are 
compared to the ordinary Lorentz gravity. 
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1 Introduction 

It follows from the Noether’s theorem that each one-parameter group of symmetric trans¬ 
formations gives rise to a conservation law [1, 2], Especially, each one-parameter group 
of translations or Lorentz transformations in special relativity (SR) results in a Lorentz- 
invariant conserved current. By eliminating the generators of the one-parameter groups, 
the conservation laws lead to a set of differential equations for the canonical energy- 
momentum (EM) and spin tensors. The Lorentz-covariant energy, momentum and angu¬ 
lar momentum (EMA) currents can be constructed out of these two tensors. 

It is rather nontrivial to generalize these results to the gravitational theories. A 
generalization can be performed in Lorentz gravity, where gravity is represented by the 
metric-compatible connection and tetrad 1-forms which are introduced to realize the local 
Lorentz invariance of the matter field [3]. In Lorentz gravity, it is shown that the diffeo- 
morphism and Lorentz symmetries lead to a set of differential equations for the EM and 
spin tensors [4-6]. Note that the total (matter plus gravity) EM and spin tensors vanish 
due to the gravitational field equations. On the other hand, provided the gravitational 
field equations are satisfied, each one-parameter group of translations or Lorentz rotations 
results in a Lorentz-invariant current, which is conserved in the sense that its torsion-free 
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divergence vanishes [7, 8]. The Lorentz-invariant currents can be used to define the total 
EMA currents in Lorentz gravity. 

Note that in Lorentz gravity, gravity is not a gauge held, in the sense that it is not 
an Ehresmann connection of some principal fiber bundle. On the other hand, there exists 
the de Sitter (dS) gravity [9-13], where gravity is described by an Ehresmann connection 
which is introduced to realize the local dS invariance of the matter held. The dS gravity is 
well motivated for some cosmological reasons. Firstly, the observed cosmological constant 
may be related to that of the internal dS space, which is a characteristic structure in 
dS gravity. Moreover, an interesting investigation shows that [13, 14], the dS symmetry 
together with a Kaluza-Klein-type ansatz can pick out the only one model that is free 
of the big-bang singularity in the Robert son-Walker universe filled with a spin fluid [15], 
among the R + /3S abc S a b c models of gravity [16], where R is the scalar curvature, /3 is a 
parameter, and S a b c denotes the torsion tensor. 

In this paper, the EMA conservation laws are generalized to dS gravity. The result 
consists of two kinds of conservation laws. Firstly, it is shown that the diffeomoriphism and 
dS symmetries lead to a differential equation for a dS-covariant current, which unites the 
EM and spin tensors. Secondly, provided the gravitational held equation is satisfied, each 
one-parameter group of dS rotations result in a dS-invariant current, which is conserved 
in the sense that its torsion-free divergence vanishes. The dS-invariant current can be 
used to define the total (matter plus gravity) EMA currents in dS gravity. In the analysis 
of the first kind conservation law, it is found that the EM tensor contains an inherent 
part, just like the fact that the angular momentum (AM) current contains an inherent 
part (the spin current). Also, the dust particle’s world line is studied, which deviates from 
a geodesic for two reasons. The first is the existence of the spin tensor, while the second 
is the existence of the inherent EM tensor discovered here. 

The paper is arranged as follows. In section 2, the dS gravity is briefly introduced. In 
sections 3-4, two kinds of EMA conservation laws are derived in dS gravity, and compared 
to those in Lorentz gravity. Moreover, in section 3, an inherent EM tensor is predicted 
and its impact on the dust particle’s world line is discussed. Finally, we end with some 
remarks in the last section. 


2 de Sitter gravity 

The dS gravity is a gauge theory of gravity with local dS invariance. It can [10, 11] be 
seen as the localization of dS SR [17-26], which is a hypothetical theory with global dS 
invariance. Consider a matter held if; on a dS space A 4i, with the action integral Sm and 
Lagrangian function as follows: 

S M = [ Af M e, Af M = Af M (^,da^,c.c.,^ A ,d a ^ A ), (1) 

Jn 

where is an arbitrary domain of AC, e is a metric-compatible volume element, d a is 
the ordinary exterior derivative, a is an abstract index [27, 28] which can be changed 
into any tetrad or coordinate index by taking the corresponding component, c.c. denotes 
the complex conjugate of the former quantities, are 5-dimensional (5d) Minkowski 
coordinates which satisfy = l 2 on AC, A = 0,1, •••4 are dS indices, t]ab = 

diag(—1,1, • • • 1), and l is a constant with dimension of length. Suppose that the action 
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integral Sm is globally dS invariant, i.e., it is invariant under the transformation: 

T(g)^, Z A -A g A B e , (2) 

where g = g A B is an element of the dS group 0(1,4), and T is the representation of 
0(1,4) associated with the matter field ifi. Note that the dS metric 

9ab = VAB(d a ^ A )(d a ^ B ) (3) 

is globally dS invariant, so as e. The localization of the above theory is to introduce a gauge 
field (the gravitational field) into Sm, such that Sm is invariant under the localized version 
of the transformation (2) (obtained by changing g = g A B into an 0(1,4)-valued function), 
supplemented by the transformation for the gauge field. The result is as follows. The dS 
space Aii is changed to be a Riemann-Cartan (RC) spacetime Ai, and the Lagrangian 
function of the matter field is changed to be 

J? M = &M&, D a ll>, C.C., D a £ A ), (4) 

where 

D a i) = da'ifj + T A B VL A Ba il)i ( 5 ) 

D a i A = d a i A + £l A Ba e, (6) 

T a b are representations of the dS generators, VL A Ba is the gravitational held as an o(l,4)- 
valued 1-form, o(l,4) is the dS algebra, and C, A become local functions which satisfy 
Vab€ A £, B — l 2 ■ The action integral Sm is locally dS invariant, i.e., invariant under the 
combination of the localized version of transformation (2) and 

D A Ba —> g A cD c Da{g l ) D b + g A cd a (g 1 ) c u, (7) 

where g A c is an 0(1,4)-valued function. Note that the metric [9] 

9ab = VAB{DaS A ){D a Z B ) ( 8 ) 

is locally dS invariant, so as e. The gravitational action integral Sc and Lagrangian 
function are given by 

S G = [ J? G e, D a { A , T A Bab ), (9) 

Jn 

where 

A A Ba b = d a tt A B b + A fl c B b (10) 

is the curvature of Q A Ba - The hnal theory of dS gravity is described by the total action 
integral S = Sm + kS g , where n is a coupling constant. It is worth noting that the dS 
gravity defined here is different from that described by Cartan geometry [29] or nonlinear 
realisation [30], where the gravitational held as a Cartan connection or nonlinear gauge 
held only performs Lorentz transformations, but not the full dS transformations. 

Here we briefly introduce a suitable mathematical framework for dS gravity [12, 13]. 
Over any RC spacetime Ai, a principal bundle V can be set up, with the structure group 
being 0(1,4). An Ehresmann connection Cl can be defined on V, such that £l A Ba = 
(a* Q) A Ba , where a is a local section of V, and a* denotes the pullback by a. Let Q be a 
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fiber bundle associated to V, with Mi as the typical fiber. A global section $ of Q can 
be defined, such that £ A are the (vertical) 5d Minkowski coordinates of $. With these 
definitions, the curvature tensor R c dab and torsion tensor S c a b of M have the following 
dS-invariant expressions [12, 13]: 

-Rcdab — (2 /l 2 )g a [c9d\b = J 7 ABab(D c ^ A )(D d ^ B ), (11) 

Scab = FABab(D c £ A )£ B , ( 12 ) 

where R cda b = g ce R e dab, S cab = g cd S d a b, and FaboA = VacR C Bab- Let F be the vector 
space at which ip is valued, and Qf be a fiber bundle associated to V, with F as the 
typical fiber. A global section ip of Qf can be defined, such that for any local section a 
of V, ip = a -ip = {(ag,g- l ip)\g G 0(1,4)}. 

With the help of Eqs. (8), (11) and (12), it can be shown that the gravitational 
Lagrangian function given by Eq. (9) is equivalent to 

■&G — ^ h(gab, R C dab, S° a b )■ (13) 

As a simple example, the Einstein Cartan gravity [5, 31] with S£ G = R can be a model for 
dS gravity, where R is the scalar curvature. Note that the Lagrangian function (13) is also 
Lorentz invariant. To determine which kind of gravity (Lorentz or dS) it describes one 
should consider which kind of matter field it is coupled to. If it is coupled to a Lorentz- 
invariant matter held, it describes Lorentz gravity. If it is coupled to a dS-invariant matter 
held, it describes dS gravity. 


3 Conservation law A 

Consider a matter held ip on an RC spacetime M, with the dS-invariant action integral 
Sm and Lagrangian function «£?m as follows: 

S M = f J? M = £ , M(ip,D a iP,c.c.,Z A ,D a Z A ). (14) 

Jn 

The gauge transformations are defined as the bundle isomorphisms on V. Let {</>*} be a 
one-parameter group of gauge transformations, with t as the group parameter. Then the 
following transformations can be induced by <pt- 


Si —> Sit — 0t[f2], 

ip ~>ip t = T(g t )(p t *ip, D a ip -A- ( D a ip) t = T{g t )<j> u {D a ip), 

C ^ = 9?b<PU B , D a p A -A (D a £ A ) t = gf B (pt*{D a ^ B ), ( 15 ) 

where <p t are diheomorphisms on A4 induced by <p t , </> t * denote the pushforwards by (p t , 
and gt = g A B are functions valued at the special dS group 50(1,4), dehned by <p t *cr = ag t , 
where (p t *cr are dehned by (4>t*&)(<Ptx) = (f>t(c T {x)), Vx G A4. Let v a be the generator of 
m, a a B ~ Sg A B , where 5 = (d/dt) | t=0 . If (pt are dS rotations, then v a = 0. If <p t are 
horizontal, i.e., Sl(d(<p t p)/dt) | t=0 = 0, Vp G V, then 

A a b = -Sl A Ba v a . (16) 
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Generally, we may assume 


a a b = b a b - n A B «v\ 


(17) 


where B a b is covariant in the following sense: if a —>■ erg 1 , then B A b 9 A cB c 'o{g Tb, 

where g = g A B is an arbitrary function valued at 0(1,4). It follows from Eq. (15) that 


= B a b T a b ^ - v a D a *l;, = B A B i B - v a D a £ A , 

6D a i/> = B A B T A B D a tl> - v b D b D a ^ - (D b ^)V a v b , 

5D a i A = B A B D a i B - v b D b D a £ A - (D b £ A )V a v b , (18) 


where V a is the metric-compatible and torsion-free derivative. On account of the invari¬ 
ance of Sm under Eq. (15), 8J£m = ~v a 'V a ^ > M- Suppose that the matter field equation 
is satisfied, then substitution of the above results into the chain rule for 5 Jz?m leads to 


V7 y a „. Ba x "A 1 pj ^ A , p, p, <■- A 

— t a J- Bab + A D b t; + £ A D b D a £ , 


D a T AB a = — 

dJ? M 


(d^M dX M \ 

v d& A ^ B] + dD a C ADa ^ B] ) ’ 


dJ? M 


+ c.c. +—^D b e = 0, 

0D a '0 dD a £ A 

where the arbitrariness of B A b , v a and \7 a v b at any given point is used, 

s. b a = + c.c. + J? m 8\ 


dD a ^' 


is the orbital EM tensor, 


Ba d^M rri B I 

Ta = ——T A ip + C.c. 


dD a ijj~ 


is the dS-covariant spin current, and 

D h D a £ A = V b D a £ A + n A Bb D a £ B . 
Define the 5d dS-covariant orbital AM current 


= V’iac(d^ c )( b] , 


(19) 

( 20 ) 
( 21 ) 

( 22 ) 

(23) 

(24) 

(25) 


and the 5d dS-covariant AM current 

V A Ba = 8S M /8n A Ba = X A Ba + T A Ba . (26) 

In the dS SR limit, V A Ba unites the EMA currents in an inertial coordinate system [26]. 
Making use of Eqs. (19)—(21) , and the identities 

(D a £ A )(D a t B ) = V AB - A B /l\ (27) 

D n D b i A = -K c ba D c i A - gU A /l\ (28) 

where 

K c ab = l -{S c ab + S ab c + S ba c ) (29) 
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is the contorsion tensor, it can be shown that 

D a V A Ba = V c Da ^ c Db a(D%A^E]V EB - (30) 

We call this result the conservation law A. In the dS SR limit, it becomes V a VA Ba = 0, 
which is just the conservation law for the EMA currents [26]. 

To compare the above result with Lorentz gravity, define the canonical EM and 4d 
AM tensors 


V b a = VA Ba (D b £ A )(2£ B /l 2 ), 

(31) 

V b ca = V A Ba (D b ^ A )(D^ B ), 

(32) 

and, in the same way, the inherent EM tensor and spin tensor 


n a = TA Ba (D b £ A )(2Z B /l 2 ), 

(33) 

r b ca = r A Ba {D b i A ){DX B ). 

(34) 

It can be verified that 


T r a a , _ a t r ca _ ca 

V b = + T b , V b — T h , 

(35) 

and Eq. (30) is equivalent to 


(V 0 + S a )V b a = V c a S c ba + r c da R c dba , 

(36) 

(V a + S a )T bc a = 

(37) 

where V a is the metric-compatible derivative with torsion, and S a = S c ac . 

The above 


equations have the same form as the EMA conservation equations in Lorentz gravity 
[4, 5]. They are also similar to the EM and hypermomentum conservation equations in 
metric-affine gravity [6, 32], The difference between dS gravity and Lorentz gravity (or 
metric-affine gravity) is rooted in the difference between the dS group and the Lorentz 
group (or the general linear group). The matrix dimension of the Lorentz group (or the 
general linear group) is equal to the spacetime dimension, while that of the dS group 
is larger than the spacetime dimension. As a result, one should introduce the higher¬ 
dimensional object in the Lagrangian function (14) to describe the dS invariance; 
while in Lorentz gravity (or metric-affine gravity), is absent. Also, in dS gravity, 
the conservation equations (36)-(37) can be unified in a higher-dimensional conservation 
equation (30), which is absent in Lorentz gravity (or metric-affine gravity). Moreover, in 
Lorentz gravity (or metric-affine gravity), V b a in Eqs. (36)-(37) is equal to the orbital EM 
tensor T, b a ] while in dS gravity, it differs from T, b a by r b a , which is defined in Eq. (33) by 
the higher-dimensional object ta b<1 - 

To find the observational effects of r b a , let us consider a dust fluid with dS spin, i.e., 
a fluid with S a6 = pU a U b and T A Ba ^ 0, where p is the rest energy density, and U a is 
the 4-velocity of the fluid particle. Because TA Ba ^ 0, r b a and r b ca are generally nonzero. 
Assume that the torsion vanishes, then Eq. (36) becomes 

V a {pU b U a + r b a ) = r c da R c dba . (38) 

Multiplying the above equation by U b yields 

- U a V aP - P V a U a + U b V a T b a = r c da R c dba U b . (39) 
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Substitution of Eq. (39) into Eq. (38) leads to 


pU a V a U b 


-h e b (y a T e 


Tr 


2 R 


dea ) 


(40) 


where h eb = g eb + U e U b . Obviously, both r b a and T b ca contribute to the derivation of 
I/ a V a U b from zero. Hence r b a might be observed by its contribution to the derivation of 
the dust particle’s world line from a geodesic. This contribution should be very small, 
because according to Eq. (33), r b a is proportional to R 1 nsj A 1 / 2 , where A = 3/Z 2 is the 
cosmological constant. 

Now we turn from the matter held to the gravitational held, with the action integral 
Sg and Lagrangian function Afc given by Eq. (9). The bundle isomorphisms <f> t induce 
the transformations below: 


^ —» n t — 0t[O], —>■ £,f — gf B4>t*£ B , 

D a i A ( D a i A ) t = gfsMDa^), 

•F~ A Bab J~ A Bab = df Dab)(9t 1 )’° B, ( 41 ) 

which imply 

5t A = B A B e -v a D a t A , 

5D a i A = B A B D a i B - v b D b D a i A - {D b £ A )V a v b , 

SJ~ A Bab = [B , T ab \ A B - V C D c T A Bab - T A BcbV a V C ~ J A Bac^ b V °. (42) 

On account of the invariance of Sg under Eq. (41), 5J£g = — v a ^J a ^G- Substitution of 
the above results into the chain rule for <L5?c leads to 


V a £ b Q = ~f A Ba T A Bab + 


d& ( 


G 




D b e + 




G 


dD& 


D b D a e 


(43) 


D a TAB 


a 


d^ G 

d^ A 


£,b\ + 


OX, 


G 


dD a e A 



dJ? G 

dD a i A 


D h i A + 2 


dJ? G 

dT A Bac 


T a 


Bbc ~ 


o, 


(44) 

(45) 


where the Bianchi identity D^ c J rA \ B \ a b] = 0, and the arbitrariness of B a b , v a and V a v b at 
any given point is used, 


t b a = -tjET-^Bbc + &hS a b (46) 

OJ- Bac 

is the orbital EM tensor of gravity, and 

= 2D * GS (47) 

is the dS-covariant spin current of gravity. The remaining analyses are similar to those of 
the matter held, and one may refer to Eqs. (25)-(37). It is noteworthy that, unlike the 
matter held case, there exists the inherent EM tensor for the gravitational held both in 
dS gravity and Lorentz gravity. 
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4 Conservation Law B 


The total (matter plus gravity) EMA currents cannot be given by the conservation law A 
in the last section, because Va b<1 + kVa b<1 should be equal to zero due to the gravitational 
field equation, where Va Bci = 5Sc/dVL A Ba- In order to find the definitions of the total 
EMA currents, we turn to the coupling system of the matter field and the gravitational 
field, with the action integral S and Lagrangian function 2zf as follows: 

S= [ S?e, J? = J?(il>,D a il;,c.c.,Z A ,D a Z A ,F A Bab ), (48) 

Jn 

where Jz? = Jz?m + The bundle isomorphisms <f>t induce the transformations below: 

Q, —$■ £l t = 0t[f2], 0 0t = £, A ^ it = dtB(pt*i B , 

^ A Ba —^ ^t Ba = df c(4>t*^ C Da) (dt Tfi + dt cd a {dt Tb, (49) 


which imply 


50 = B a b T a b 0 - v a D a ^, 

Si A = B A B i B - v a D a i A : 

Sn A Ba = -D a B A B + T A Bab v b . (50) 

On account of the invariance of S under Eq. (49), 

5(2z?e) = -V a 0£?u a )e. (51) 

Suppose that the gravitational field equation is satisfied, then it follows from the chain 
rule for 52zf that 


5(Jz?e) = V a 


-50 + c.c. + 2^^=-, -50‘ 4 


dD^ 


dT A 


Bb 


Bab 


dH J 


■5i A + j?(D a i A )si A )e. 


d D a i A 

Combining the above two results leads to the conservation law B: V a J a = 0, where 

J a = 


(52) 


<9Jzf <92z? A 

50 + C.C. + 2^r^r-, - 5hh 4 


dD a 0 

dSf 


dT A 


Bb 


Bab 


dD a e 

Substituting Eq. (50) into the above equation yields 


Si A + ^{D a U)di A + 2Sf v a . 


(53) 


J a = B a 


btt^ + Vb( 2B j 


8n A 


Ba 


B 


d& 

dT A 


Bba 


= v b I 2 B a 


B 


ose 

dT A 


Bba 


(54) 











where Eqs. (21) and (45) are used, and 


5S 

&Q A Ba 


d& 


Ta B 4> + c.c. + 2 D b - 


ose 


dD 0 xir n r ' “ °dT A Bab 
dDJW^ ° I + r l BC ’ 


( 55 ) 


which vanishes due to the gravitational held equation. The current (54) is the 5d dS- 
invariant conserved AM current with respect to {4>t}- Note that v a does not appear in 
the final expression of J a , and thus the one-parameter group of horizontal gauge transfor¬ 
mations (which may be interpreted as spacetime diffeomorphisms) does not correspond 
to any conserved current. Indeed, for a one-parameter group of horizontal gauge trans¬ 
formations, Eq. (16) holds, and so B A b defined in Eq. (17) is equal to zero, and hence 
the conserved current J a = 0 on account of Eq. (54). 

In dS SR, the dS-invariant AM current with respect to the dS symmetry characterized 
by B a b is equal to [26] 

J sr = B A B V A Ba . (56) 

It is seen that B a 4 characterizes the symmetry corresponding to the EM current, and B a p 
characterizes the symmetry corresponding to the 4d AM current. As a result, the total 
(matter plus gravity) EM current can be defined as 


r [B%] = v, (4 . (57) 

and the total 4d AM current can be defined as 

n B%) = y (2 . (58) 


They are gauge dependent, but constitute the gauge-independent 5d AM current (54). In 
dS gravity, there exist the Lorentz gauges, such that [9, 12, 13] 

y = (° 4 , xl ). d ^ a= ( e °o°)’ (59) 

i-V 0 ) • (60) 

R a t3ab - l~ 2 e a a A e/ 3 b lr l S a ab 

-l~ l Sp ab 0 

where 0 4x i = (0, 0, 0, 0) T , { e a a } is a tetrad held, a = 0,1, 2, 3 are tetrad indices, e“ a e / 3 a = 
fi a / 3 , e /3a — Vafina, Vap is the Minkowski metric, T a j g a is the metric-compatible connection 
1-form of spacetime, S a ab = d a e a b + Y a p a Ae\ is the torsion 2-form, and R a p a b = d a T a 0 b + 
T Q 7a A T 1 p b is the curvature 2-form. The dS-invariant current (54) becomes a Lorentz- 
invariant current 




J a 


V 6 



d^ 
dR a pba 


+ 2E“ 


d& \ 

dS^ a ) 


(62) 
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in the Lorentz gauges, which recovers the conserved current for Lorentz gravity [7, 8], 
where V a = B a ^l. In Eq. (62), the B a p term is the AM current corresponding to 
Lorentz rotations, while the V a term is the EM current corresponding to the translations 
defined by the dynamical connection in Lorentz gravity [5, 7]. A drawback of the above 
definitions is that the Komar EM current = Vj,( [33] cannot be explained 
as an EM current in the Einstein-Cartan gravity, where V a = V a e a a . Instead, should 
be interpreted as an AM current with 

B a p = (V [a H])e“V- (63) 

The conserved current (62) is also similar to the GL(4, M)-invariant conserved current 
in metric-affine gravity [32], where GL( 4,M) is the general linear group. As mentioned 
before, the difference between dS gravity and Lorentz gravity (or metric-affine gravity) is 
rooted in the higher-dimensional feature of the dS group. To describe the dS invariance, 
one should introduce the higher-dimensional object £ A in the Lagrangian function (48); 
while in Lorentz gravity (or metric-affine gravity), is absent. Also, in dS gravity, the 
EM and AM currents (57)-(58) can be unified in a higher-dimensional current (54), which 
is absent in Lorentz gravity (or metric-affine gravity). 


5 Remarks 

In this paper, two kinds of conservation laws are discussed in dS gravity. The first kind is 
a differential equation (30) for the dynamical current Va b<1 = SSm / Ba- It is resulted 
from the diffeomorphism and dS symmetries of the theory. The dS-covariant current Va b<1 
unites the EM and spin tensors, while Eq. (30) unites two differential equations (36)-(37) 
which have the same form as the conservation equations in Lorentz gravity. Moreover, 
the EM tensor is found to be containing an inherent part, which might be detected by its 
contribution to the derivation of the dust particle’s world line from a geodesic. The second 
kind of conservation law presents a dS-invariant conserved current (54) with respect to 
each one-parameter group of dS rotations. The dS-invariant current unites the total EMA 
currents (57)-(58) for the coupling system of matter and gravity. Also, it is shown that 
the conserved current with respect to the diffeomorphism symmetry is equal to zero, in 
other words, the diffeomorphism symmetry does not lead to any conserved current, and 
so the Noether’s theorem does not completely apply to dS gravity. 

Base on these discussions, we give a summary on some differences between dS gravity 
and Lorentz gravity as follows. Firstly, in dS gravity, one should introduce the higher¬ 
dimensional object in the Lagrangian function to illustrate how the system is dS 
invariant; while in Lorentz gravity, is absent. Secondly, in dS gravity, the orbital AM 
current can be well defined by using C, A , see Eq. (25); while in Lorentz gravity, it should 
be equal to zero. Thirdly, in dS gravity, the EM and AM conservation equations (36)- 
(37) can be unified in a higher-dimensional conservation equation (30); while in Lorentz 
gravity, they cannot be unified. Fourthly, in dS gravity, the EM and AM currents (57)- 
(58) can be unified in a higher-dimensional current (54); while in Lorentz gravity, they 
cannot be unified. Fifthly, in dS gravity, the inherent EM tensors of both the matter 
held and the gravitational held are nonzero; while in Lorentz gravity, the inherent EM 
tensor of the matter held vanishes, but that of the gravitational held is nonzero. These 
differences are rooted in the higher-dimensional feature of the dS group. 
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